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By transplanting the Developmental Eye Movement (DEM) test chart to a virtual reality 
head-mounted display (VR HMD) system, this study sought to evaluate the effectiveness 
of the DEM test for measuring dynamic visual acuity. 
Thirty-nine adults aged 20–39 years of both genders were the subjects of the study. After 
undergoing measurement of their visual function, through medical questionnaire, interpu-
pillary distance (IPD), near point of convergence (NPC), near point of accommodation 
(NPA), and far and near phoria, the correlation between the tests was analyzed performing 
DEM vertical, horizontal test and VR HMD DEM (VHD) vertical, horizontal test. 
NPC and NPA decreased significantly after the VHD test, while phoria did not. The hori-
zontal was quicker than the vertical in the DEM test, and vice versa in the VHD test. DEM 
was quicker than VHD in both the vertical and horizontal directions. There was no notable 
difference in error frequency between DEM and VHD. In terms of DEM and VHD test, 
there was no notable difference in the short-range IPD and subjective symptoms of the top 
10 and bottom 10 subjects.  
The performance time for VHD, in which the chart must be read while moving the body, 
was longer than that of DEM. Therefore, based on the consistency of the results of both 
tests and the lack of a difference in error frequency and subjective symptoms, the VHD 
equipment proposed in this thesis is as effective as dynamic visual acuity measurement 
equipment. 
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Introduction 
Humans receive information from the external envi-
ronment through various sensory organs. Vision is more 
advanced than the other senses (Kuppers, 1992; Kim, 
2007), and plays an important role in assisting the other 
senses. Of the various methods used by humans to obtain 
external information, vision is the most important 
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(Atchison, Smith, & Efron, 1979; Campbell, & Green, 
1965; Jason Jerald, 2015). 
Visual acuity can largely be categorized into static 
visual acuity and dynamic visual acuity. Generally, dis-
cussions on vision have been limited to static visual 
acuity, defined as ‘the ability to see a non-moving object 
at a certain distance’. Static visual acuity is measured 
from a far distance (5–6m) or at a certain fixed distance, 
which has becomes the resolution measurement standard 
for vision testing (Gardner, & Sherman, 1995; Coffey, & 
Reichow, 1990; Berman, 1993). 
Dynamic visual acuity defines the ability to see the 
subject while the object or the observer is in a moving 
state. This plays an important role in, among others, 
sports performance, which requires consistent movement 
in response to changes in the surrounding conditions 
(Yoshimitsu, & Hiroshi, 2004). Dynamic visual acuity 
can largely be divided into two categories. First, dynamic 
visual acuity (DVA), recognition of an object moving in 
the horizontal direction. Second is kinetic visual acuity 
(KVA), the recognition of approaching and receding 
objects (Won, & Mah, 1993). 
In sports, accurately recognizing and distinguishing a 
moving object is required more frequently than a non-
moving object. Therefore, in sports, the ability to accu-
rately detect moving objects is critical. Of the various 
sports events, those involving rapid movement by main-
taining a state of physical tension are known as dynamic 
sports, which include baseball, football, basketball, table 
tennis and skiing. Dynamic visual acuity is an important 
factor in measuring the performance of athletes (Lee, & 
Sin, 2005; Lee, Mah, & Won, 2000) and requires excep-
tional binocular vision. To improve sports performance, 
optometrists linked to sports organizations perform gen-
eral refraction, providing optical prescriptions in addition 
to carrying out training program activities related to 
vision (Graham, 2007; Thomas, & Jeff, 2004; Joanne, & 
Bruce, 1997). In elderly people, even if the static visual 
acuity is normal, a low, or aging-mediated reduction in, 
dynamic visual acuity is associated with an increased 
frequency of traffic accidents (Mitsuru, & Daisuke, 
2005). 
Factors that influence dynamic visual acuity can be 
categorized into physical factors of the measurement 
system and physiological factors of the subject (Hoff-
man, Rouse, & Ryan, 1981). Physical factors include the 
brightness of the sign, speed of movement, irradiation 
time, size etc. Physiological factors include resolution of 
the eye, peripheral recognition ability, eye movement 
ability etc. The measurement result can differ depending 
on these two types of factor. Preceding studies (Lee, Oh, 
& Jeong, 2010; Bebguigui, & Ripoll, 1998; Sebastian, & 
Daniel, 2012) showed that the dynamic visual system is 
similar to other movement systems of the body, there-
fore, the function can be improved by vision training. 
The ability to accurately see an object during move-
ment is an important part of visual ability; however, 
measurement of such visual ability is not included in 
standard vision tests. 
Study of dynamic visual acuity is difficult, as no general 
standardized measurement system has been established. 
Therefore, comparison with preceding studies is prob-
lematic. This study aimed to verify the effectiveness of 
the impulse eye movement test of dynamic visual acuity, 
by transplanting the developmental eye movement 
(DEM) test chart to a virtual reality head-mounted dis-
play (VR HMD), which is currently a focus of interest in 
immersive media. 
DEM and VHD 
DEM, a clinically performed indirect eye movement 
test, is widely used to determine abnormalities in learn-
ing-related visual function (Webber, Wood, Gole, & 
Brown, 2011; Wills, Gillett, Eastwell, Abraham, Coffey, 
Webber, & Wood, 2012; Janet, Kimberly, Emily, & 
Marcia, 2005; Janet, Fan, Pamela, Andrea, & Jack, 2006; 
Akinori, Yuji, & Yoshinori, 2006; Alessio, Silvio, & 
Tony, 2011). In addition to eye movement ability, the 
present study proposed that perception and reading abil-
ity also influence the evaluation result (Ayton, Abel, 
Fricks, & McBrien, 2009; Medland, Walter, & Wood-
house, 2010; Kulp, & Schmidt, 1997; Kulp, & Schmidt, 
1998). Subjects aged 20–39 years were selected for this 
study, as perception and reading abilities have little ef-
fect in such subjects and they have similar dynamic visu-
al acuity test performance. 
The VR HMD DEM(VHD) suggested in this thesis 
facilitates measurement of dynamic visual acuity and 
incorporates the existing DEM chart. Whereas the exist-
ing DEM test measures reading ability in a static state, in 
the VHD method, the participant moves their head and 
body while reading the sign, thus enabling measurement 
of dynamic visual acuity used in actual daily life. 
DEM test is composed of two vertical tests (Tests A 
and B) with 40 numbers arranged in a vertical direction, 
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and one horizontal test (Test C) with 80 numbers ar-
ranged in a horizontal direction. 
The test performance time is revised and recorded in 
accordance with the number of inaccuracies. According-
ly, the test performance time and the number of inaccu-
racies are important factors in the evaluation. The DEM 
test procedure is described below. 
 Tests A and B are read aloud in the vertical 
direction. The time required for reading and the 
number of inaccurate answers, additional numbers 
(including repetitions), omissions, and switches is 
recorded. 
 Test C is read aloud in the horizontal direction. The 
time required for reading and the number of 
inaccurate answers, additional numbers (including 
repetitions), omissions, and switches is recorded. 
 Check the total number of inaccuracies. Inaccurately 
read numbers should be marked s, additional 
numbers should be marked a, omissions should be 
marked o, and switches in order during reading 
should be marked t. Therefore, the total number of 
inaccurate answers is calculated as s+a+o+t. 
 The adjusted time is 
 
𝑚𝑒𝑎𝑠𝑢𝑟𝑒𝑚𝑒𝑛𝑡 𝑡𝑖𝑚𝑒 ×
80
80 − 𝑜 + 𝑎
 
 
Here, the measurement time is the time required to 
read the horizontally arranged numbers aloud, o is 
the quantity of numbers omitted during reading, and 
a is the quantity of repeated or additional numbers. 
 Calculate the horizontally adjusted versus vertically 
adjusted time as follows: 
 
𝑅𝑎𝑡𝑖𝑜 =
𝐻𝑜𝑟𝑖𝑧𝑜𝑛𝑡𝑎𝑙𝑙𝑦 𝑎𝑑𝑗𝑢𝑠𝑡𝑒𝑑 𝑡𝑖𝑚𝑒
𝑉𝑒𝑟𝑡𝑖𝑐𝑎𝑙𝑙𝑦 𝑎𝑑𝑗𝑢𝑠𝑡𝑒𝑑 𝑡𝑖𝑚𝑒
 
 
In the DEM test, the examiner instructed the partici-
pant to hold up each of the vertical and horizontal test 
charts in a fixed order and to read the numbers as accu-
rately and quickly as possible. The examiner then deter-
mines the accuracy of the participant’s reading. 
In the VHD test, the participant was instructed to 
wear the VR HMD, and the examiner checked whether 
the sign in front of their eye is sufficiently clear for read-
ing. Before the test, the participant was instructed to look 
at the fusion point at the left top portion of the chart to 
ensure that the image does not become separated, and 
then the test was carried out using the same method as 
for the DEM. 
The test contents of all participants were recorded, 
and then the test performance time and occurrence of 
errors were measured during confirmation of the test 
result. 
 
   
(a) DEM Test A (b) DEM Test B (c) DEM Test C 
  
(d) VHD Tests A and B (e) VHD Test C 
Figure 1. DEM and VHD charts 
VR HMD 
VR refers to an arbitrary environment and situation 
created by a computer, or that technology itself (Rizzo, 
hartholt, Grimani, Leeds, & Liewer2014; Schuemie, van 
der Straaten, Krijn, & van der Mast, 2001; Kim, Ryu, & 
Hur, 2004). It is extremely similar to reality, the user is 
not simply immersed in the virtual reality, but can inter-
act with the materialized objects through operations 
and/or commands using the existing device. Virtual reali-
ty can be categorized into VR HMD, projection virtual 
reality, and virtual reality simulation. 
The VR HMD used in this thesis is worn on head, 
and comprises a high-resolution display and GPS, geo-
magnetic field, gyroscope and other sensors (Palter, 
Sobko-Koziupa, Gilhuly, & Pyer, 2000; Lee, Ha, Cha, 
Kim, Lee, & Kim, 2015). 
Optical system 
Image formation on the convex lens 
The VR HMD is equipped with a convex lens to vis-
ualize proximal displays (Michael, Steve, Martin, Elmar, 
& Marcus, 2015; Zhao, Wang, Guo, Sun, & Lu, 2004). 
The VR HMD positions the object inside the focal length 
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of the lens. The image is formed as an expanded estab-
lished image in the rear direction of the smartphone in 
the object space (Eugene, 2001). 
 
 
Figure 2. Image formation on the convex lens of the VR 
HMD 
 
VR HMD parameters 
In accordance with the focal length of the lens and 
the magnification formula 
 
1
𝑓
=
1
𝑎
+
1
𝑏
 
 
(f = focal length of the lens, a = object distance, and b = 
image distance) (WIKIPEDIA, Lens(optics)), the dis-
tance from the lens to the actual screen (a-value) 36 mm, 
the distance from the lens to the virtual screen (b-value) 
159.31 mm, and the focal length of the lens (f-value) 
46.51 mm are each substituted in determining the lens 
magnification value b/a as 4.43 (round-off value of 
4.4286). The Galaxy Note 3 from Samsung Electronics 
was used as the mobile display. 
 
 
Figure 3. Schematic diagram of pixel size expression 
according to magnification 
(pixel size is rounded to the nearest hundredth) 
 
 
Figure 4. Schematic diagram of the VR HMD optical 
system 
 
Table 1 
VR HMD parameters 
Parameter Value Variable 
Lens Power 21.50𝐷 - 
Magnification 4.43 𝑀 
Focal Length 46.51𝑚𝑚 𝑓 
Screen Distance 
(Lens–Phone Screen) 
36𝑚𝑚 𝑑𝑠𝑙  
Virtual Distance 
(Lens–Virtual Screen) 
159.31𝑚𝑚 𝑑𝑖𝑙  
Smart Phone Pixel Size 0.07𝑚𝑚2 𝑝𝑠𝑠 
Virtual Screen Pixel Size 0.07×4.43𝑚𝑚2 𝑝𝑠𝑖 
Methods 
Participants 
Thirty-nine participants aged 20–39 years were se-
lected for this study (mean 23.87±3.21 years), who un-
derstood and agreed with the objective of this study, and 
did not suffer from any ophthalmological disease, mental 
illness, or systemic disease, and displayed a >0.8 far•near 
distance corrected visual acuity. 
Procedure 
Medical questionnaire and prior eye movement test 
The participants completed a medical questionnaire 
regarding eye movement abnormality and history, 
through their physical condition and H-S scale (Pursuit 
Eye Movement) prior to starting the experiment. 
The questionnaire comprised six categories—
occupation, physical activity (exercise and games), VR 
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HMD experience, prior medical history, visual function 
training experience, and driving. 
The study was carried out in the following order: 
medical questionnaire, H-S scale, visual function test 
(dominant eye, interpupillary distance (IPD), near point 
of convergence (NPC), near point of accommodation 
(NPA), and far and near phoria). DEM test, survey of 
subjective symptoms immediately following the DEM 
test, VHD test, NPC, NPA, far and near phoria and sur-
vey of subjective symptoms immediately following the 
VHD test. 
Static DEM test was carried out first in order to raise 
the participants’ understanding on the experiment. To 
reduce fatigue effect, 1-minute interval was allowed 
between DEM vertical test and horizontal test, and be-
tween VHD vertical test and horizontal test. To reduce 
fatigue effect, 10-minutes interval was allowed between 
DEM test and VHD test. 
 
Visual function test 
The visual function test items were: dominant eye, 
IPD, NPC, NPA, far and near phoria. The Rosenbach 
method was used for the dominant eye, a digital PD 
meter (BRT-II) was used to measure IPD, a push-up bar 
was used for the near point test, and a Howell phoria 
card (Maples, Savoy, Harville, Golden, & Hoenes, 2009; 
Chiharu Yamaguchi, Hasebe, Ohkubo, Takaba, Sira, 
Hasebe, & Ohtsuki, 2012) was used for the far and near 
phoria test. 
 
VHD chart production 
The Nanum-Bareun Gothic (bold) font was used for 
the VHD test chart, and the Open Type Font (OTF) 
method was applied (Kim, Lee, & Ra, 2002; Kim, & 
Lee, 2002). Based on the Landolt C sign (William, 
2006), which defines the sight and vision that distin-
guishes within 1.5 mm in 5.0 m distance, as 1.0, 1 
arcminute each, it was produced in the size of 0.1 sign at 
159.31 mm distance, which is the distance from the lens 
to the virtual display. This size corresponds to 4 points. 
When looking at the sign through the VR HMD, the 
built-in convex lens applies a magnification of ×4.43; 
therefore, the numbers on the chart were of a size appro-
priate to that magnification. 
To facilitate comfortable single vision during the 
VHD test, a fusion point was set-up on the left top of the 
sign. 
 
Figure 5. Nanum-Bareun Gothic 
 
Survey of subjective symptoms 
The survey comprised six items(dizzy, diplopia, defi-
nition, legibility, discomfort, ocular fatigue), and each 
was scored in accordance with the level of awareness 
using a 4-point Likert scale: “strongly disagree” 0 point, 
“disagree” 1 point, “neither agree nor disagree” 2 points, 
“agree” 3 points, and “strongly agree” 4 points. The 
survey was conducted twice, once after the DEM test and 
once after the VHD test. 
 
Data analysis 
For data analysis, a paired t-test, independent t-test, 
and simple correlation analysis were performed using the 
SPSS software (ver. 18.0 for Windows, SPSS Inc., Chi-
cago, IL, USA). A parametric analysis was used for 
above 30 people and non-parametric analysis was used 
for below 30 people. A value of p<0.05 with 95% confi-
dence intervals was taken to indicate significance. 
Results 
Near point test 
Change in NPC 
Table 2 shows the results of the push-up method be-
fore and immediately after the VHD test of NPC. For 
NPC, convergence ability was significantly lower before 
(7.88±3.57 cm) compared to after (8.74±4.15 cm) the 
VHD test. 
 
Change in NPA 
Table 2 shows the results of the push-up method be-
fore and immediately after the VHD test of NPA. The 
amplitude of accommodation was significantly lower 
before (8.40±3.75 cm) compared to after (9.58±5.45 cm) 
the VHD test. 
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Table 2 
Near point change after VHD test 
Units: cm 
 
Before test After VHD 
t p-value 
M±SD M±SD 
NPC 7.88±3.57 8.74±4.15 -2.229 0.032 
NPA 8.40±3.75 9.58±5.45 -2.471 0.018 
SD: standard deviation 
 
 
Figure 6. Near point change after VHD test (*: p<0.05) 
Phoria test 
Change in horizontal far phoria 
The Howell horizontal far phoria results did not dif-
fer significantly before and immediately after the VHD 
test (exo 0.38±0.85 △ and exo 0.36±0.96 △, respec-
tively) (Table 3). 
 
Change in the horizontal near phoria 
The Howell horizontal near phoria results exhibited 
tendency to increase before and immediately after the 
VHD test,; however, the difference was not significant 
(exo 2.72±3.16 △ and exo 2.92±3.17 △, respective-
ly) (Table 3). 
 
Table 3 
Changes in far and near phoria after the VHD test 
Units: ∆ 
 
Before test After VHD 
t p-value 
M±SD M±SD 
Far phoria -0.38±0.85 -0.36±0.96 -0.274 0.786 
Near phoria -2.72±3.16 -2.92±3.17 1.433 0.160 
SD: standard deviation 
(+): Esophoria, (-): Exophoria 
 
Figure 7. Changes in far and near phoria after the VHD test 
(*: p<0.05) 
 
Subjective symptoms 
A subjective symptom survey was carried out imme-
diately after the DEM test and the VHD test, which 
comprised: dizziness, diplopia, inappropriate definition 
of the screen, difficulty reading the sign, physical and 
psychological discomfort, and ocular fatigue. 
Dizziness was greater immediately after the VHD test 
than immediately after the DEM test (0.62±0.88 and 
1.28±1.15 points, respectively). 
Diplopia was more evident immediately after the 
VHD test than immediately after the DEM test 
(0.64±0.93 and 1.51±1.23 points, respectively). 
Chart definition was worse immediately after the 
VHD test than immediately after the DEM test 
(0.59±0.75 and 2.15±1.09 points, respectively). 
Legibility was greater immediately after the VHD 
test than immediately after the DEM test (0.51±0.68 and 
1.31±1.00 points, respectively). 
Physical and psychological discomfort was greater 
immediately after the VHD test than immediately after 
the DEM test (0.59±0.79 and 0.77±0.84 points, respec-
tively). 
Ocular fatigue was greater immediately after the 
VHD test than immediately after the DEM test 
(1.31±1.17 and 1.95±1.07 points, respectively). 
With the exception of physical and psychological 
discomfort, statistical significance was evident in all 
questions. 
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Table 4 
Subjective symptoms 
Units: point 
items 
DEM VHD 
t p-value 
M±SD M±SD 
Dizzy 0.62±0.88 1.28±1.15 -3.679 0.001 
Diplopia 0.64±0.93 1.51±1.23 -4.729 <0.001 
Definition 0.59±0.75 2.15±1.09 -11.069 <0.001 
Legibility 0.51±0.68 1.31±1.00 -4.941 <0.001 
Discomfort 0.59±0.79 0.77±0.84 -1.640 0.109 
Ocular fatigue 1.31±1.17 1.95±1.07 -3.764 0.001 
SD: standard deviation 
 
 
Figure 8. Subjective symptoms (*: p<0.05) 
DEM and VHD 
DEM 
Table 5 shows the results of the vertical (Tests A, B) 
and horizontal (Test C) tests using the DEM chart. Hori-
zontal movement was significantly faster than vertical 
movement (21.96±3.17 and 20.01±3.81 s, respectively). 
 
VHD 
Table 5 shows the results of the vertical (Test A, B) 
test and horizontal (Test C) tests using the VHD chart. 
Vertical movement was significantly faster than horizon-
tal movement (28.64±5.32 and 39.11±6.76 s, respective-
ly). 
 
Comparison of DEM and VHD 
Table 5 shows the vertical (Test A, B) and horizontal 
(Test C) test results using the DEM and VHD charts. The 
VHD measurement of vertical movement was signifi-
cantly slower than the DEM measurement value 
(21.96±3.17 and 28.64±5.32 s, respectively). The VHD 
measurement of horizontal movement was significantly 
slower than the DEM measurement (20.01±3.81 and 
39.11±6.76 s, respectively). 
 
Correlation analysis of DEM and VHD 
Table 6 shows a correlation analysis of the vertical 
(Test A, B) test using the DEM and VHD charts; a strong 
positive(+) correlation (0.7≥r≥0.3) was evident. Table 7 
shows a correlation analysis of the horizontal (Test C) 
test using the DEM and VHD charts; a strong positive(+) 
correlation (0.7≥r≥0.3) was evident. 
 
Table 5 
Comparison of DEM and VHD 
Units: s 
M±SD t p-value 
DEM vertical 
(21.96±3.17) 
DEM horizontal 
(20.01±3.81) 
5.493 <0.001 
VHD vertical 
(28.64±5.32) 
VHD horizontal 
(39.11±6.76) 
-14.719 <0.001 
DEM vertical 
(21.96±3.17) 
VHD vertical 
(28.64±5.32) 
-9.898 <0.001 
DEM horizontal 
(20.01±3.81) 
VHD horizontal 
(39.11±6.76) 
-19.456 <0.001 
SD: standard deviation 
 
Table 6 
Correlation between DEM and VHD in the vertical test 
Variable DEM vertical VHD vertical 
DEM vertical 1  
VHD vertical 
0.611* 
(<0.001) 
1 
(*: p<0.05) 
 
Table 7 
Correlation between DEM and VHD in the horizontal test 
Variable DEM horizontal VHD horizontal 
DEM horizontal 1  
VHD horizontal 
0.440* 
(0.005) 
1 
(*: p<0.05) 
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Figure 9. Comparison of DEM and VHD results (*: p<0.05) 
Error frequency comparison of each type between 
DEM and VHD 
Table 8 shows the errors of the DEM and VHD tests. 
In the DEM vertical (Test A, B) test, the following 
number of errors occurred: s error (0.23±0.48), o error 
(0.08±0.27), a error (1.54±2.11), t error (0.00±0.00). 
In the DEM horizontal (Test C) test, the following 
number of errors occurred: s error (0.36±0.71), o error 
(0.05±0.22), a error(1.05±1.52), t error (0.05±0.32). 
In the VHD vertical (Test A, B) test, the following 
number of errors occurred: s error (0.36±0.63), o error 
(0.10±0.38), a error (1.10±1.70), t error (0.00±0.00). 
In the VHD horizontal (Test C) test, the following 
number of errors occurred: s error (0.46±0.82), o error 
(0.15±0.81), a error (1.62±2.12), t error (0.10±0.45). 
There was no significant difference in errors between 
DEM and VHD, or in the rate of occurrence of each 
error. 
 
Table 8 
Comparison of errors in DEM and VHD 
Units: number 
M±SD t p-value 
DEM vertical (s) 
(0.23±0.48) 
DEM horizontal (s) 
(0.36±0.71) 
-0.842 0.405 
DEM vertical (o) 
(0.08±0.27) 
DEM horizontal (o) 
(0.05±0.22) 
0.443 0.661 
DEM vertical (a) 
(1.54±2.11) 
DEM horizontal (a) 
(1.05±1.52) 
1.431 0.161 
DEM vertical (t) 
(0.00±0.00) 
DEM horizontal (t) 
(0.05±0.32) 
-1.000 0.324 
VHD vertical (s) 
(0.36±0.63) 
VHD horizontal (s) 
(0.46±0.82) 
-0.813 0.421 
VHD vertical (o) 
(0.10±0.38) 
VHD horizontal (o) 
(0.15±0.81) 
-0.374 0.711 
VHD vertical (a) 
(1.10±1.70) 
VHD horizontal (a) 
(1.62±2.12) 
-1.819 0.077 
VHD vertical (t) 
(0.00±0.00) 
VHD horizontal (t) 
(0.10±0.45) 
-1.433 0.160 
DEM vertical (s) 
(0.23±0.48) 
VHD vertical (s) 
(0.36±0.63) 
-1.094 0.281 
DEM vertical (o) 
(0.08±0.27) 
VHD vertical (o) 
(0.10±0.38) 
-0.330 0.744 
DEM vertical (a) 
(1.54±2.11) 
VHD vertical (a) 
(1.10±1.70) 
1.274 0.211 
DEM horizontal (s) 
(0.36±0.71) 
VHD horizontal (s) 
(0.46±0.82) 
-0.612 0.544 
DEM horizontal (o) 
(0.05±0.22) 
VHD horizontal (o) 
(0.15±0.81) 
-0.752 0.457 
DEM horizontal (a) 
(1.05±1.52) 
VHD horizontal (a) 
(1.62±2.12) 
-1.522 0.136 
DEM horizontal (t) 
(0.05±0.32) 
VHD horizontal (t) 
(0.10±0.45) 
-0.572 0.570 
SD: standard deviation 
(s): Substitution error  (o): Omission error 
(a): Addition error     (t): Transposition error 
 
 
Figure 10. Error occurrence in DEM and VHD(*: p<0.05) 
 
Near IPD of the top 10 and bottom 10 people by 
DEM and VHD test 
Table 9 shows the near IPD measurements of the top 
10 people (18.23±1.14 s) and bottom 10 people 
(26.01±2.35 s) in the DEM vertical test; no statistically 
significant difference was evident (60.15±1.55 and 
58.65±2.82 mm, respectively). 
Table 9 shows the near IPD measurements of the top 
10 (16.14±0.81 s) and bottom 10 (25.05±3.37 s) people 
in the DEM horizontal test; no statistically significant 
difference was evident (59.60±2.18 and 59.45±2.80 mm, 
respectively). 
Table 9 shows the near IPD measurements of the top 
10 (23.67±1.19 s) and bottom 10 (36.11±4.58 s) people 
in the VHD vertical test; no statistically significant dif-
ference was evident (59.55±1.66 and 58.30±3.12 mm 
respectively). 
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Table 9 shows the near IPD measurements of the top 
10 (31.89±2.17 s) and bottom 10 (47.99±5.62 s) people 
in the VHD horizontal test; no statistically significant 
difference was evident (59.35±1.33 and 58.65±3.15 mm, 
respectively). 
 
Table 9 
Near IPD of the top 10 and bottom 10 people in the DEM 
and VHD tests 
Units: mm 
 
Top 10 
people 
Bottom 10 
people z p-value 
M±SD M±SD 
DEM verticality 
Top 10 people 
(18.23±1.14) 
Bottom 10 people 
(26.01±2.35) 
Near 
IPD 
60.15 
±1.55 
58.65 
±2.82 
-0.954 0.340 
DEM horizontality 
Top 10 people 
(16.14±0.81) 
Bottom 10 people 
(25.05±3.37) 
Near 
IPD 
59.60 
±2.18 
59.45 
±2.80 
-0.152 0.879 
VHD verticality 
Top 10 people 
(23.67±1.19) 
Bottom 10 people 
(36.11±4.58) 
Near 
IPD 
59.55 
±1.66 
58.30 
±3.12 
-0.607 0.544 
VHD horizontality 
Top 10 people 
(31.89±2.17) 
Bottom 10 people 
(47.99±5.62) 
Near 
IPD 
59.35 
±1.33 
58.65 
±3.15 
-0.418 0.676 
SD: standard deviation 
Mann-Whitney U-test 
 
 
(a) DEM vertical 
 
(b) DEM horizontal 
 
(c) VHD vertical 
 
(d) VHD horizontal 
Figure 11. Near IPD of the top 10 and bottom 10 people in the 
DEM and VHD tests (*: p<0.05) 
 
 
Subjective symptoms of the top 10 and bottom 10 
people in DEM and VHD tests 
Table 10 shows the subjective symptom survey 
scores of the top 10 (18.23±1.14 s) and bottom 10 people 
(26.01±2.35 s) in the DEM vertical test. 
No significant difference was evident in any of the 
survey items. 
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Table 10 
Subjective symptoms of the top 10 and bottom 10 people within DEM and VHD 
Units: point 
items 
Top 10 people Bottom 10 people 
z p-value 
M±SD M±SD 
DEM verticality 
Top 10 people (18.23±1.14) 
Bottom 10 people (26.01±2.35) 
Dizzy 1.00±0.67 0.60±1.26 -1.806 0.071 
Diplopia 0.80±1.03 0.50±0.71 -0.589 0.556 
Definition 0.90±1.10 0.40±0.52 -0.925 0.355 
Legibility 0.70±0.82 0.30±0.48 -1.129 0.259 
Discomfort 0.60±0.52 0.70±1.06 -0.335 0.737 
Ocular fatigue 1.50±0.71 1.30±1.57 -0.822 0.411 
DEM horizontality 
Top 10 people (16.14±0.81) 
Bottom 10 people (25.05±3.37) 
Dizzy 1.00±0.82 0.70±1.25 -1.184 0.236 
Diplopia 1.10±1.20 0.50±0.71 -1.149 0.250 
Definition 0.80±1.03 0.50±0.53 -0.419 0.675 
Legibility 0.50±0.71 0.40±0.52 -0.175 0.861 
Discomfort 0.50±0.71 0.90±1.10 -0.753 0.452 
Ocular fatigue 1.30±0.95 1.80±1.40 -0.782 0.434 
VHD verticality 
Top 10 people (23.67±1.19) 
Bottom 10 people (36.11±4.58) 
Dizzy 1.30±0.95 1.90±1.37 -1.051 0.293 
Diplopia 1.50±1.08 1.00±1.15 -1.024 0.306 
Definition 1.70±1.16 2.40±0.97 -1.347 0.178 
Legibility 1.10±0.74 1.40±1.26 -0.396 0.692 
Discomfort 0.70±0.48 0.90±0.88 -0.456 0.648 
Ocular fatigue 1.40±0.97 2.10±1.37 -1.362 0.173 
VHD horizontality 
Top 10 people (31.89±2.17) 
Bottom 10 people (47.99±5.62) 
Dizzy 1.10±1.10 1.60±1.43 -0.747 0.455 
Diplopia 1.80±0.79 1.50±1.35 -0.392 0.695 
Definition 2.30±0.82 2.50±1.08 -0.656 0.512 
Legibility 1.30±0.95 1.50±1.35 -0.236 0.814 
Discomfort 0.70±0.48 0.80±0.92 -0.041 0.967 
Ocular fatigue 1.60±0.97 2.20±1.14 -1.301 0.193 
SD: standard deviation 
Mann-Whitney U-test 
 
  
(a) DEM vertical (b) DEM horizontal 
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(c) VHD vertical (d) VHD horizontal 
Figure 12. Subjective symptoms of the top 10 and bottom 10 people within DEM and VHD (*: p<0.05) 
 
Discussion 
Humans move their eye first before seeing an object 
or carrying out an action. Dynamic visual acuity is im-
portant for vision, as it facilitates recognition of an object 
in motion. However, unlike static visual acuity, which 
recognizes an object in non-motion, no standardized 
measurement system for dynamic visual acuity is availa-
ble; therefore, this is frequently skipped in vision tests. 
Of the types of dynamic visual acuity, impulse eye 
movement is closely related to reading ability, and so is 
an important visual function for schoolchildren and 
adults. 
DEM was designed to evaluate the accuracy, speed, 
and ability to state immediately after seeing with eyes of 
impulse eye movement related to reading ability. Of the 
impulse eye movement, as reading ability is included, the 
test is carried out in an environment while the subject 
reads a book sitting on a chair. However, the VHD is 
performed with the participant standing. The subject 
wears the VR HMD and reads the DEM chart in front of 
their eyes while moving their body and head. 
Experiments of this study was performed to DEM 
test first followed by VHD test. Considering that if VHD 
test came first, visual tension and fatigue might occur 
easily due to the nature of VR device, this may likely to 
affect the DEM test data. As participants in the experi-
ment had no experiences in visual function test in VR 
and dynamic environment, the DEM test was conducted 
first to enhance their understanding on the objective of 
the experiment. To prevent fatigue effect, 1-minute in-
terval was allowed between DEM vertical test and hori-
zontal test, similarly between VHD vertical test and 
horizontal test. To prevent order effect, 10-minutes in-
terval was allowed between DEM test and VHD test.  
Even though the outcome of DEM test and VED test 
similar in nature, there still exist the order effect, which 
is a potential limitation of this study. 
The near point receded significantly after the VHD 
test. During the VHD test, the virtual distance from the 
eye to the display was near distance (159.31 mm) and 
from the burden of maintaining fusion stimulation by 
moving the body during the test, it can be interpreted as 
temporary receding of the near point. The phoria test 
results did not differ significantly before and after the 
VR HMD test, and the VHD test did not affect eye posi-
tion. 
With the exception of physical and psychological 
discomfort, the subjective symptom scores were signifi-
cantly higher in VHD. If DEM is an impulse eye move-
ment test conducted while in non-moving state, this 
result can be interpreted to have been the outcome from 
the aspect that VHD is a dynamic test which requires 
physically dynamic movement. The level of complaint of 
subjective symptoms regarding the overall items was 2 
points (neither agree nor disagree), excluding the defini-
tion of VHD (2.15±1.09 points), indicating that in both 
DEM and VHD, there was no subjective symptom com-
plaint and so it did not have a significant effect on the 
test. The VHD definition subjective symptom score was 
thus affected by the low resolution of the physical screen. 
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In the DEM test, horizontal reading was faster than 
vertical reading, while in the VHD test, vertical reading 
was faster than horizontal reading. For both vertical and 
horizontal reading, DEM was faster than VHD. DEM 
and VHD both showed consistent flow in the test result 
value. In Korean, text is read from left to right, therefore 
the DEM result can be seen to have come out to be faster 
in. When the chart is transplanted to the VR HMD, it is 
divided in the left right side by side method due to the 
characteristics of the VR HMD screen display method. 
At this point, the size of the converged image in each eye 
is divided in half; therefore, the horizontal view becomes 
narrower than the vertical view. Moreover, there are 
more numbers in the vertical direction than the horizon-
tal direction. DEM was faster than VHD due to the dif-
ference between reading the chart that comes into view 
and by dynamic physical movement. 
In the both the DEM and VHD, vertical and horizon-
tal reading both showed a strong positive (+) correlation 
(0.7≥r≥0.3). Therefore, participants with high VHD 
scores also had high DEM scores. As VHD requires 
more physically dynamic movement than DEM, VHD 
requires higher visual ability, which likely caused the 
positive (+) correlation. 
Regarding error frequency, there was no significant 
difference between vertical and horizontal in the DEM 
test, vertical and horizontal in the VHD test, and vertical 
and horizontal in the DEM and VHD tests. No errors 
occurred in the dynamic test during reading and physical 
movement, and there was no difference in the error fre-
quency. The overall error frequency was less than 2, 
which is considered very low. 
In the result comparison of near IPD after drawing 
out the top 10 and the bottom 10 people from the DEM, 
VHD test, as there was no significant difference, it was 
evident that there as no effect from IPD. 
In the DEM test, the scores of the top 10 and bottom 
10 people for all subjective symptom questions were <2. 
There was no statistically significant difference between 
the top and bottom 10 people. In DEM, which indicates 
reading ability, there was no difference in subjective 
symptom according to DEM score, suggesting that the 
test environment did not affect the participants. 
In the comparison result of subjective symptom be-
tween the top and the bottom 10 people, after extracting 
them from the VHD test, excluding the item for occur-
rence of double vision, all others showed minutely high-
er subjective symptom in the group of bottom 10 people, 
however there was no statistically significant difference. 
As with DEM, this suggests that the dynamic physical 
movement test environment of the VHD did not affect 
the subjective symptoms of the participants. 
In VR, motion sickness is the main issue. In this ex-
periment, the VR HMD during the VHD was worn for 
less than 3 minutes, which likely explains why the sub-
jects did not complain of subjective symptoms. There-
fore, future use of the VR HMD for training would re-
quire determination of a reasonable usage period by 
monitoring the occurrence of subjective symptoms over 
time. 
The effectiveness of VHD was verified by analysis of 
subjective symptoms, the consistency of results, error 
frequency, and test scores. The results strengthened the 
validity of use of VHD. Therefore, VHD enables meas-
urement of dynamic visual acuity in an environment 
similar to real life, and it is judged that interest and effect 
can increase by adding various storytelling to the con-
tents. And VHD training effect should be verified by 
comparison of the exercise and game groups with the 
corresponding comparison groups. 
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